We undertook a study to determine the rates of infection and revision of total knee replacement (TKR) in patients with renal failure, renal transplantation and those undergoing renal dialysis in Scotland. The overall early and late infection rates were 1.10% and 2.19% compared with 1.06% and 2.01%, respectively, for non-renal patients. Patients with renal failure had a significantly increased risk of early infection (1.6%, relative risk 1.52, p = 0.002) and late infection (4.47%, relative risk 2.22, p < 0.001). Those on renal dialysis had significantly increased risks of late infection (8.03%, relative risk 3.99, p < 0.001) and early revision (3.70%, relative risk 4.40, p < 0.001). Renal transplant patients had a significantly increased risk of late infection, regardless of whether renal transplantation occurred before TKR (9.09%, relative risk 4.517, p = 0.027) or at any time (8.0%, relative risk 3.975, p = 0.047). There were significantly increased rates of comorbidities associated with infection for all the renal patient groups. Logistic regression analysis showed that renal failure and renal dialysis were independent risk factors for early infection and revision, respectively.
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The number of total knee replacements (TKRs) which are undertaken is increasing annually 1, 2 and today the operation is undertaken more frequently in patients with less disabling symptoms. 2 Infection is a devastating complication of TKR and results in an average extra 64 in-patient days and a cost of £16 500, excluding implants and antibiotics per patient. 3 Previous studies have shown that patients with renal failure or immunosuppression have an increased risk of infection. 4 We have therefore sought to determine the rates of infection and revision in TKR in patients with renal failure who were undergoing renal dialysis or renal transplantation.
Materials and Methods
The Scottish Arthroplasty Project 1 is a national, prospective joint register using data from the Scottish Morbidity Record 01 form (SMR01) 5 which is routinely completed for all in-patient episodes in Scotland. This form is generated for patients receiving care in acute or general specialties when admitted or transferred for in-patient or day care under NHS Scotland. The form records the Office for Population, Census and Survey Intervention (OPCS), Classification of surgical operations 4th Edition 6 code of any operation, procedure or intervention and The World Health Organisation International Classification of Disease (ICD) diagnostic classification code of any diagnosis for each in-patient episode. This database was searched for patients who had undergone TKR and who had renal failure, renal dialysis or were renal-transplant recipients using the OPCS Fourth Edition 6 and ICD 9 and 10 7 codes between 1985 and 2008. The renal failure patients included those undergoing dialysis, since this subgroup had an associated diagnosis of renal failure on their SMR01 forms. A record was made of whether the patients in the dialysis and renal-transplant-recipient groups were undergoing dialysis or had undergone transplantation before TKR. The numbers of infected and revision TKRs were recorded among the non-renal and renal populations. A search to determine the number of patients with comorbidities associated with increased infection was also made. This included type-I and type-II diabetes mellitus, rheumatoid arthritis, other inflammatory polyarthropathies, connective-tissue diseases, peripheral vascular disease and the use of steroids. Because of the use of ICD-9 and ICD-10 codes on the SMR01 form, differentiation between the severity of renal failure as determined by the estimated glomerular filtration rate, chronic kidney disease classification or level of serum creatinine/urea could not be made. Statistical analysis. The rates of early and late infection and revision were calculated, according to endpoints used by the Scottish Arthroplasty Project. Early and late infections were defined as occurring before and after 90 days, respectively. Early and late revisions were defined as occurring before and after 365 days, respectively. The rates of infection, revision and comorbidities for the renal patients were compared with those of non-renal patients using the chi-squared test. The relative risk was calculated for each renal group for early and late infection and revision compared with that in non-renal patients. Multivariate logistic regression analysis was performed to determine if any of the states of renal disease were independent risk factors for early infection or revision. Age, gender and other comorbidities associated with infection were included in the analysis. It was not possible to perform regression analysis for late infections and late revisions since the Scottish Arthroplasty Project data could not reliably match complications after longer periods. This was due to poor recording of laterality so that matching a specific complication to a TKR became more unreliable as the time from the TKR increased. Significance was determined as a p-value ≤ 0.05. Assuming that there was a 1% difference between the non-renal and renal patient groups, a sample size of 74 patients was required for 80% power with a statistical significance of p = 0.05. Statistical analysis was performed using Microsoft Excel 2003 (Microsoft Inc., Redmond, Washington) and SPSS version 17 software (SPSS Inc., Chicago, Illinois).
Results

Between April 1985 and April 2008 a total of 59 288
TKRs was performed in Scotland; there were 34 896 female and 24 392 male patients. Of these, 3718 had a diagnosis of renal failure and there were 162 dialysis patients, 36 of whom had been undergoing dialysis before their TKR. There were 25 renal-transplant recipients and of these 22 had undergone transplantation before their TKR. These last two groups were not of sufficient size to have adequate power.
All the groups of renal patients had increased comorbidities compared with the non-renal groups (Table I) .
A significantly increased rate of early (≤ 90 days) infection was found among the patients with renal failure (chisquared test, p = 0.002). There were non-significant increases in the rate of infection for the patients who underwent dialysis before TKR and for those who had a renal transplant at any time (Table II) .
Significantly increased rates of late (> 90 days) infection were found in all groups except those who had undergone dialysis before their TKR (Table III) .
There was a statistically significant increase in the early (≤ 365 days) revision rate in patients who had undergone dialysis at anytime (chi-squared test, p < 0.001) (Table IV) . There were increased rates of late (> 365 days) revision for all groups of renal patients but these did not achieve statistical significance (Table V) .
Multi-variate regression analysis of early infection showed that the addition of renal failure as a variable improved the prediction of risk significantly (chi-squared test, p = 0.005). Renal failure was associated with a 50% increase (odds ratio 1.508, 95% confidence interval (CI) 1.152 to 1.976) in the risk of contracting an early infection. Multi-variate logistic regression analysis of early revision found that only the addition of dialysis improved the prediction of risk significantly (chi-squared test, p = 0.005), although the addition of renal failure approached significance (chi-squared test, p = 0.055). Dialysis anytime was associated with a fourfold increase (odds ratio 4.175, 95% CI 1.836 to 9.494) in the odds of having an early revision. 
Discussion
Infection is a devastating complication of TKR and there have been many studies which have attempted to identify positive associations and risk factors. 4, [8] [9] [10] [11] Patients with renal failure and immunosuppression, including renal-transplant recipients, have an increased risk of infection. 4, 8 There is little evidence with regard to renal-dialysis patients undergoing TKR and although good results have been reported, the studies have been limited by small numbers. 12, 13 A number of studies have identified many factors associated with an increased risk of infection. 4, [8] [9] [10] [11] [12] [13] These include previous operations on the knee, immunosuppressive therapy, poor nutrition, hypokalaemia, diabetes mellitus, obesity and a history of smoking. Peersman et al 4 identified that many of these variables were associated positively with infection on univariate analysis, but were not independent risk factors on multivariate analysis. They also showed that in patients with an increasing number of risk factors there was an association with an increasing risk of infection. Our study has shown that renal patients have significantly increased rates of comorbidities compared with the non-renal population, thereby placing them at increased risk of infection.
We have also confirmed that there are significantly increased risks of early and late infection and that renal failure is an independent predictor of the risk of early infection. However, despite an increased risk of late infection, patients with renal failure had a non-significantly increased risk of late revision. This is difficult to explain, but may have been due to the inadequacies of the recording of laterality in the Scottish Arthroplasty Project data. Thus, matching a complication or revision to a specific TKR becomes less reliable with increasing time from the initial procedure. This inaccuracy also prevented the performance of regression analysis of late infection and revision. Our study was limited by the recording of renal failure using the ICD-9 and ICD-10 codes, which did not allow differentiation between the type or severity of the patients' renal failure. This group therefore included patients receiving renal dialysis which may have confounded the results. A prospective study examining the rates of infection and revision of TKR patients with renal failure based on the estimated glomerular filtration rate, the serum level of urea/creatinine or chronic kidney disease classification would be helpful in further quantifying the risks to these patients. There is little evidence in the literature about the outcome in dialysis patients undergoing TKR, with most studies being small case series. Shiota et al 12 carried out a study of the association between renal dialysis and orthopaedic complications. They described eight patients who had undergone TKR and reported good results without significant complications. Our study is the first of which we are aware, to have an adequate sample size and statistical power in the 'dialysis anytime' group. We have shown that dialysis patients have a significantly higher rate of comorbidity, infection and early revision than non-renal patients undergoing TKR. We have shown that dialysis is also an independent risk factor for the early revision of TKR. The results for the 'dialysis before TKR group' did not show any significant differences from those of the non-renal population. However, this should be interpreted with caution, since there were only 36 patients in this sample, which was therefore inadequately powered. Shrader et al 13 compared dialysis and renal-transplant patients undergoing total hip replacement. They found that transplant recipients survived longer, but with higher rates of revision (33%) and complications (61%), whereas dialysis patients had a shorter survival, but lower revision (22%) and complication rates (33%). Our study has shown that these groups had similar risks of infection and late revision. However, dialysis patients also had a significantly increased risk of early revision. Passalacqua et al 14 studied the effect of the pre-operative dialysis technique, namely haemodialysis or peritoneal dialysis, on the rate of post-operative infection in patients undergoing renal transplantation. They reported post-operative infection rates of 25.9% for haemodialysis patients and of 67.5% for peritoneal dialysis patients and an increased incidence of infection with skin and enteric flora among peritoneal dialysis and mixed dialysis patients. This could suggest that consultation with renal physicians to arrange pre-operative haemodialysis may be useful in reducing these patients' risk of post-operative infection. In our study, patients undergoing dialysis before TKR had a lower rate of late infection than those who underwent dialysis at anytime. This is difficult to explain but could have been due to the technique of dialysis as described above. Unfortunately, the latter is not accurately recorded in the Scottish Arthroplasty Project data and the analysis could not be made.
Renal-transplant recipients are known to be at risk of opportunistic bacterial, viral and fungal infections. 15 17 Close liaison with renal physicians before TKR is necessary in regard to these factors. The risk of opportunistic infection is highest in the first six months after transplantation, and mortality because of opportunistic infection is reported to be as high as 29%. 15 However, this risk is decreasing because of the use of increasingly selective immunosuppressive agents and better prophylaxis against infection. 17 The use of newer immunosuppressants may explain the low rates of steroid use seen in our study. Experience of joint replacement for renal-transplant recipients is greatest in hip surgeons performing total hip replacement and resurfacing arthroplasty in patients with avascular necrosis of the femoral head. Published data of infection rates among these patients are conflicting, with some studies reporting increased infection 13, [18] [19] [20] and others suggesting no difference. [21] [22] [23] Our study indicated that this patient group had a fourfold increased risk of late infection than non-renal patients after TKR, regardless of when transplantation occurred in relation to the TKR. However, this result should be interpreted with caution since the transplant patient sample was too small to have adequate statistical power.
In conclusion, renal patients have higher rates of comorbidities which increase their risk of infection to between 2.0 and 4.5 times that of the non-renal population. We have shown that renal failure is an independent risk factor for early infection, and for the first time in an adequately powered study that renal dialysis is an independent risk factor for early revision. These patients require careful preoperative counselling and close liaison with renal physicians before TKR in order to minimise risk and optimise medical management.
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